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What is claimed is: 

1. A data 

a) converting 
code word and storing a 
form a channel bit strear i, 

b) determining 

c) detecting a 
stored channel bit stream 

d) replacing a 
the replacement results 



25- 



modulation method comprising the steps of: 

an N-bit data word of a data bit stream to an M-bit 
plurality of said M-bit code words in a buffer to 
where the integer M is greater than the integer N; 
a digital sum value of said channel bit stream; 
bit sequence of a predetermined pattern in the 
;and 

bit "1" of said detected bit sequence with a bit "0" if 
said digital sum value approaching zero. 



iti! 



A data modulation method comprising the steps of: 

plurality of 4-bit data words to a plurality of 3-bit 



2. 

a) mapping a 
code words in a memory 

b) segmenting ; a data bit stream into a plurality of 4-bit data 
words; and 

c) converting higher significant two bits of each 4-bit data word to 
a 3-bit code word correspondingly mapped to the 4-bit data word in said 
memory so that a channe 1 bit stream having no consecutive l's is produced 
by a plurality of said 3-b; t code words; 

d) determining a digital sum value of said channel bit stream; 

e) detecting a first predetermined one of said 3-bit code words 
which is consecutive wit \ a second predetermined one of said 3-bit code 
words; and 

f ) replacing the detected code word with a substitute code word 
results in said digital sum value approaching zero. 



"000" if the replacement 



3. A data modulation 
mapping, in a mefnory, 



method comprising the steps of: 
, 2-bit data words "OCT, "01", "10" and "11" to 
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3-bit code words "101", "100", "001" and "010", respectively, and mapping 4- 
bit data words "0000", "0001", "1000" and "1001" to 6-bit code words 
"101000", "100000", "001000" and "010000", respectively; 

segmenting a dah i bit stream into a plurality of 4-bit data words; 



converting each o 
said memory if the 4-bit 



: the 4-bit data words to a 6-bit code word mapped in 
data word is coincident with one of said mapped 4- 
bit data words and converting higher significant two bits of the 4-bit data 
word to a 3-bit code word mapped in said memory if the 4-bit data word is 
non-coincident with any of said mapped 4-bit data words so that a channel 
bit stream having no consecutive l's is formed by a plurality of said 6-bit 
code words and a plural ty of said 3-bit code words; 

forming a subsequent 4-bit data word with lower significant bits of the 
non-coincident data word; 

determining a digital sum value of said channel bit stream; 
detecting a code word "010" which occurs immediately following any 
one of said 6-bit code wards; and 

replacing the detected code word with a substitute code word "000" if 
the replacement results i\ said digital sum value approaching zero. 

4. A data mo< lulation method comprising the steps of: 

mapping, in a memory, 2-bit data words "00", "01", "10" and "11" to 
3-bit code words "101", '100", "001" and "010", respectively, and mapping 4- 
bit data words "0000", "( 001", "1000" and "1001" to 6-bit code words 
"101000", "100000", "001000" and "010000", respectively; 

segmenting a data bit stream into a plurality of 4-bit data words; 

converting each oi: the 4-bit data words to a 6-bit code word mapped in 
said memory if the 4-bit data word is coincident with one of said mapped 4- 
bit data words, and converting higher significant two bits of the 4-bit data 
word to a 3-bit code word mapped in said memory if the 4-bit data word is 
non-coincident with any of said mapped 4-bit data words so that a channel 
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bit stream having no coiisecutive 
code words and a plurality 

forming a subsequent 
non-coincident data woid; 

determining a dig ital 

detecting a code 
any one of said 3-bit cod|e 

replacing the detected 
"000000" if the replacement 
zero. 



3-bit code words "101", 
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l's is formed by a plurality of said 6-bit 
of said 3-bit code words; 
4-bit data word with lower significant bits of the 



sum value of said channel bit stream; 
\|yord "010000" which occurs immediately following 
words; and 

code word with a substitute code word 
results in said digital sum value approaching 



5. A data modulation method comprising the steps of: 
mapping, in a mejnory, 2-bit data words "00", "01", "10" and "11" to 
100", "001" and "010", respectively, and mapping 4- 
bit data words "0000", "|)00l", "1000" and "1001" to 6-bit code words 
"000101", "000100", "00C001" and "000010", respectively; 

segmenting a data bit stream into a plurality of 4-bit data words; 
converting each of the 4-bit data words to a 6-bit code word mapped in 
data word is coincident with one of said mapped 4- 
erting higher significant two bits of the 4-bit data 



said memory if the 4-bit 
bit data words, and con\ 



word to a 3-bit code woid mapped in said memory if the 4-bit data word is 
non-coincident with any of said mapped 4-bit data words so that a channel 
bit stream having no consecutive l's is formed by a plurality of said 6-bit 
code words and a plurality of said 3-bit code words; 

forming a subsequent 4-bit data word with lower significant bits of the 
non-coinddent data word; 

determining a digital sum value of said channel bit stream; 

detecting a code word "010" which is immediately followed by any 
one of said 6-bit code words; and 

replacing the detected code word with a substitute code word "000" if 
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20 the replacement results in said digital sum value approaching zero. 
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converting higher 
code word mapped in sa 
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6. A data mc dulation method comprising the steps of: 
mapping, in a memory, 2-bit data words "00", "01", "10" and "11" to 

'100", "001" and "010", respectively, and mapping 4- 
bit data words "0000", "0001", "1000" and "1001" to 6-bit code words 
"000101", "000100", "00( 001" and "000010", respectively; 

segmenting a data bit stream into a plurality of 4-bit data words; 

: the 4-bit data words to a 6-bit code word mapped in 
9aid memory if the 4-bit |data word is coincident with one of said mapped 4- 
bit data words; 

significant two bits of the 4-bit data word to a 3-bit 
aid memory if the 4-bit data word is non-coincident 
with any of said mappec 4-bit data words; 

forming a subsequent 4-bit data word with lower significant bits of the 
non-coincident data word so that a channel bit stream having no consecutive 
l's is formed by a plural ty of said 6-bit code words and a plurality of said 3- 
bit code words; 

determining a digital sum value of said channel bit stream; 
detecting a code word "000010" which is immediately followed by any 
one of said 3-bit code words; and 

replacing the detected code word with a substitute code word 
"000000" if the replacement results in said digital sum value approaching 
zero. 

7. The data 
memory, a first group of 
"11XX" are mapped to 
respectively, a second group 
"1001" are mapped to 



sad 



modulation method of claim 2, wherein, in said 
4-bit data words "001X", "01XX", "101X" and 
code words "101", "100", "001", "010", 
of 4-bit data words "0000", "0001", "1000" and 
3-bit code words "101", "100", "001", "010", 



3-fbit « 



2003$ 8H19B mm 



MORISAKIfUW^a 



NO. 1 942 P. 37 



NE-1148 



1 12. The data 

2 comprising the steps of 

3 the synchronization pati < 
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nliodulation method of claim 1, 2, 3, 4, 5 or 6, further 
generating a synchronization pattern and inserting 
ern to said channel bit stream. 



1 13. The data 

2 synchronization pattern 



modulation method of claim 12, wherein said 
comprises a bit sequence "000. 000. 000/' 



1 14. The data Modulation method of claim 1, 2, 3, 4, 5 or 6, further 

2 comprising the steps of; 

3 storing a plurality 

4 selecting one of the 

5 of offset from starting pclint 

6 inserting the selected 

7 stream. 



1 15. The data 

2 synchronization pattenu 



memory , 



second 



the 



16. The data 
comprising the steps of: 

storing, in a 
number of l's and a 
of l's; 

selecting one of 
from said first group anc 
of l's from said second 
point of a sector on a recording 

choosing one of 
of l's and odd-number o 
results in said digital sum 



the 



of synchronization patterns in a memory; 
synchronization patterns according to the amount 
of a sector on a recording disc; and 
synchronization pattern to said channel bit 



njodulation method of claim 14, wherein each of said 
comprises a bit sequence "000. 000. 000." 



m odulation method of claim 1, 2, 3, 4> 5 or 6, further 



, a first group of synchronization patterns of even- 
group of synchronization patterns of odd-number 



synchronization patterns of even-number of l's 
one of the synchronization patterns of odd-number 
g|roup according to the amount of offset from starting 
disc; 

selected synchronization patterns of even-number 
l's so that the chosen synchronization pattern 
value approaching zero; and 
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respectively, and a 4-bit data word "XXXX" is mapped to a 3-bit code word 
"000", where the symbol X represents either "1" or "0", 

wherein step (c) comprises using said first and second groups of data 
words to convert said two higher significant bits of each 4-bit data word if 
said first group was used to convert immediately preceding two higher 
significant bits, and using said 4-bit data word "XXXX" to convert said two 
higher significant bits if :said second group was used to convert said 
immediately preceding two higher significant bits, 

wherein step (d) c omprises detecting said first predetermined 3-bit 
code word when said second group was used to convert said immediately 
preceding four consecut ve bits. 



8. The data 
predetermined 3-bit cod 
word is "000". 



modulation method of claim 7, wherein said first 
e word is "010" and said second predetermined code 



9. The data 
comprising the steps of 
bit stream and replacing 
sequence "000. 000. 000" 



modulation method of claim 1, 2, 3, 4, 5 or 6, further 
detecting a bit sequence "010.101.010" in said channel 
the detected bit sequence with a substitute bit 



10. The data 
the step of replacing the 
digital sum value. 



rss 



11. The data 
comprising the step of 
having a predetermined 
bit stream due to the replacement 
code word "000". 



ujiodulation method of claim 1, 2, 3, 4, 5 or 6, wherein 
detected code word further comprises updating said 



ifiodulation method of claim 1, 2, 3, 4, 5 or 6, further 
toring said detected code word when a bit sequence 
number of consecutive 0's is formed in said channel 
of said detected code with said substitute 
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13 inserting the chosen synchronization pattern to said channel bit 

14 stream. 



1 17, The data : 

2 said synchronization ] 
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n|iodulation apparatus of claim 16, wherein each of 
comprises a bit sequence "000. 000. 000." 



cxle 



1 19. The data 

2 substitute bit sequence it 



1 20. The data 

2 substitute bit sequence is 



21. The data 
step further comprises detecting 
the detected bit sequence 



22. The data 
3-bit code words are m< 
words and a plurality of 
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pa terns < 



1 18. The data njiodulation method of claim 1, 2, 3, 4, 5 or 6, further 

2 comprising the steps of: 

3 mapping a plurality of code words to a plurality of data words in a 

4 memory; 

5 receiving said chinnel bit 

6 000" in the received chai inel bit 

7 replacing the detected 

8 000"; and 

9 converting each 
10 corresponding to one of 



stream and detecting a bit sequence "000. 
stream; 

bit sequence with a substitute bit sequence "010. 



word of the channel bit stream to a data word 
the data words mapped in said memory. 



njodulation method of claim 18, wherein said 
010. 000". 



Modulation method of claim 18, wherein said 
000. 010". 



modulation method of claim 18, wherein the replacing 
a bit sequence "000, 000. 000" and replacing 
with a bit sequence "010. 101. 010". 



modulation method of claim 18, wherein a plurality of 
apped in said memoiy to a plurality of 2-bit data 
-bit code words are mapped to a plurality of 4-bit 
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23. A data 
a buffer; 

conversion circuitjry 
stream to an M-bit code 
words in said buffer to 
greater than the integer 

control circuitry 
stream, detecting a bit 
channel bit stream, and 
a bit "0" if the replacement 
zero. 



modulation apparatus comprising: 



for converting an N-bit data word of a data bit 
word and storing a plurality of said M-bit code 
a channel bit stream, where the integer M is 
[; and 

determining a digital sum value of said channel bit 
sequence of a predetermined pattern in the stored 
replacing a bit "1" of said detected bit sequence with 
results in said digital stun value approaching 



form. 



for < 



A data mc 



for mapping 



1 24. 

2 a memory 

3 3-bit code words; 

4 conversion 

5 a plurality of 4-bit data 

6 4-bit data word to a 3-1 

7 data word in said 

8 l's is produced by a pi 

9 stream having no 

10 words; and 

11 control circuitry 

12 stream, detecting a firs 

13 consecutive with a 

14 replacing the detected 

15 replacement results in 



dulation apparatus comprising: 

a plurality of 4-bit data words to a plurality of 



L circuitry 



bit 



memory 



lira 



for successively segmenting a data bit stream into 
words, converting higher significant two bits of each 
code word correspondingly mapped to the 4-bit 

so that a channel bit stream having no consecutive 
ality of said 3-bit code words; so that a channel bit 
consecutive l's is produced by a plurality of said 3-bit code 



for determining a digital sum value of said channel bit 
predetermined one of said 3-bit code words which is 
secbnd predetermined one of said 3-bit code words, and 
:ode word with a substitute ode word "000" if the 
aid digital sum value approaching zero. 
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i circui :ry 



woid 



1 25. A data 

2 a memory for 

3 bit code words "101", 

4 bit data words "0000", " 

5 "101000", "100000", "00 

6 conversion 

7 a plurality of 4-bit data 

8 bit code word mapped 

9 with one of said mappe< I 

10 bits of the 4-bit data 

11 4-bit data word is non 

12 and forming a subseque it 

13 non-coincident data wojd 
l's is formed by a plura 
bit code words; and 

control circuitry 
stream, detecting a code 
one of said 6-bit code 
substitute code word "i 
value approaching zero 
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modulation apparatus comprising: 
mapping 2-bit data words "00", "01", "10" and "11" to 3~ 
00", "001" and "010", respectively, and mapping 4- 
0001", "1000" and "1001" to 6-bit code words 
.000" and "010000", respectively; 

for successively segmenting a data bit stream into 
words, converting each of the 4-bit data words to a 6- 
said memory if the 4-bit data word is coincident 
4-bit data words, converting higher significant two 
to a 3-bit code word mapped in said memory if the 
coincident with any of said mapped 4-bit data words, 
4-bit data word with lower significant bits of the 
so that a channel bit stream having no consecutive 
of said 6-bit code words and a plurality of said 3- 



Ity 



fori 



"0C0" 



100", 



coor 



1 26, A data modulation 

2 a memory for 

3 bit code words "101", " 

4 bit data words "0000", "i 

5 "101000", "100000", "0010057 

6 conversion circuitiy 

7 a plurality of 4-bit data w 

8 bit code word mapped in 

9 with one of said mapped 



determining a digital sum value of said channel bit 
word "010" which occurs immediately following any 
wqrds, and replacing the detected code word with a 
' if the replacement results in said digital sum 



apparatus comprising; 
mapping 2-bit data words "00", "01", "10" and "11" to 3- 
", "001" and "010", respectively, and mapping 4- 
", "1000" and "1001" to 6-bit code words 
" and "010000", respectively; 
for successively segmenting a data bit stream into 
ords, converting each of the 4-bit data words to a 6- 
said memory if the 4-bit data word is coincident 
4-bit data words, converting higher significant two 
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bits of the 4-bit data word 
4-bit data word is non-coincident 
and forming a subsequent 
non-coincident data word 
I's is formed by a plurali 
bit code words; and 

control circuitry 
stream, detecting a code 
any one of said 3-bit coqe 
a substitute code word 
value approaching zero. 
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to a 3-bit code word mapped in said memory if the 
with any of said mapped 4-bit data words, 
4-bit data word with lower significant bits of the 
so that a channel bit stream having no consecutive 
ty of said 6-bit code words and a plurality of said 3- 

f|or determining a digital sum value of said channel bit 
word "010000" which occurs immediately following 
words, and replacing the detected code word with 
000000" if the replacement results in said digital sum 



modulation i 



27. A data 
a memory for mabp 
bit code words "101", "1 
bit data words "0000", *\ 

"oooior, "oooioo", "oodooi 

conversion circuitry 
a plurality of 4-bit data 
bit code word mapped in 
with one of said mapped 
bits of the 4-bit data worft 
4-bit data word is non- 
and forming a subsequent 
non-coincident data 
l's is formed by a plurality 
bit code words; and 

control circuitry 
stream, detecting a code 
one of said 6-bit code wotds, 



apparatus comprising: 
ing 2-bit data words "00", "01", "10" and "11" to 3- 
00", "001" and "010", respectively, and mapping 4- 
0001", "1000" and "1001" to 6-bit code words 
and "000010", respectively; 
for successively segmenting a data bit stream into 
v^ords, converting each of the 4-bit data words to a 6- 
said memory if the 4-bit data word is coincident 
4-bit data words, converting higher significant two 
to a 3-bit code word mapped in said memory if the 
coincident with any of said mapped 4-bit data words, 
4-bit data word with lower significant bits of the 
so that a channel bit stream having no consecutive 
of said 6-bit code words and a plurality of said 3- 



fcr 



determining a digital sum value of said channel bit 
word "010" which is immediately followed by any 
i, and replacing the detected code word with a 
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19 substitute code word "' 

20 value approaching zero 
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0D0" if the replacement results in said digital sum 



000001" 



word 



28. A data 

a memory for 
bit code words "101", " 
bit data words "0000", " 
"000101", "000100", "i 

conversion 
a plurality of 4-bit data 
bit code word mapped in 
with one of said mappec 
bits of the 4-bit data 
4-bit data word is non-i 
and forming a subsequent 
non-coincident data word 
l's is formed by a plur 
bit code words; and 

control circuitry 
stream, detecting a code 
any one of said 3-bit cod^ 
a substitute code word "i 
value approaching zero 



29. The data 
memory maps a first 
"11XX" to 3-bit code 
second group of 4-bit 
bit code words "101", " 
word "XXXX" to a 3-bit 



data 



ICO 



■35. 



modulation apparatus comprising: 
mapping 2-bit data words "00", "01", "10" and "11" to 3- 
, "001" and "010", respectively, and mapping 4- 
)001", "1000" and "1001" to 6-bit code words 
and "000010", respectively; 
tircuitiy for successively segmenting a data bit stream into 
words, converting each of the 4-bit data words to a 6- 
said memory if the 4-bit data word is coincident 
4-bit data words, converting higher significant two 
to a 3-bit code word mapped in said memory if the 
cc incident with any of said mapped 4-bit data words, 
4-bit data word with lower significant bits of the 
so that a channel bit stream having no consecutive 
rali|ty of said 6-bit code words and a plurality of said 3- 

for determining a digital sum value of said channel bit 
word "000010" which is immediately followed by 
words, and replacing the detected code word with 
000000" if the replacement results in said digital sum 



m adulation apparatus of claim 24, wherein said 
group of 4-bit data words "001X", "01XX", "101X" and 
words "101", "100", "001", "010", respectively, maps a 
words "0000", "0001", "1000" and "1001" to said 3- 
001", "010", respectively, and maps a 4-bit data 
word "000", where the symbol X represents 



code 
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either "1" or "0", 

wherein said con version circuitry uses said first and second groups of 
data words to convert s< id two higher significant bits of each 4-bit data word 
if said first group was used to convert immediately preceding two higher 

said 4-bit data word "XXXX" for converting said 
two higher significant bits if said second group was used to convert said 
immediately preceding two higher significant bits, 

wherein said conlrol circuitry detects said first predetermined 3-bit 
code word when said se :ond group was used to convert said immediately 
preceding four consecut ve bits. 



30. The data 
predetermined 3-bit cod^ 
word is "000". 



modulation apparatus of claim 29, wherein said first 
word is "010" and said second predetermined code 



31. The data 
further comprising a rep 
101. 010" in said channel 
with a substitute bit 



modulation apparatus of claim 23, 24, 25, 26, 27 or 28, 
acement circuit for detecting a bit sequence "010. 
bit stream and replacing the detected bit sequence 
"000. 000. 000". 



sequence 



32. The data 
wherein said control 
detected code word is 



33. The data 
wherein said control 
sequence having a predetermined 
channel bit stream due to 
substitute code word "000" 



modulation apparatus of claim 23, 24, 25, 26, 27 or 28, 
circuitry updates said digital sum value after the 
replaced with said code word "000". 



modulation apparatus of claim 23, 24, 25, 26, 27 or 28, 
circuitry restores said detected code word when a bit 

number of consecutive 0's is formed in said 
the replacement of said detected code with said 
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1 34. The data 

2 further comprising meaitis 

3 inserting the synchronization 
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njiodulation apparatus of claim 23, 24, 25, 26, 27 or 28, 
for generating a synchronization pattern and 
pattern to said channel bit stream. 



1 35. The data 

2 synchronization pattern 



modulation apparatus of claim 34, wherein said 
comprises a bit sequence "000. 000. 000." 



36. The data modulation apparatus of claim 23, 24> 25, 26, 27 or 28, 
further comprising: 

a memory for storing < 

means for selecting i 
the amount of offset from i 

means for insertir g i 
channel bit stream. 



1 37. The data 

2 said synchronization pat 



seco nd 



38. The data 
further comprising: 

a memory for stoijmg 
number of l's and a 
of l's; 

means for selectin 
number of l's from said 
of odd-number of l's 
offset from starting point 

means for choosing 
even-number of l's and 
pattern results in said 



from 



a plurality of synchronization patterns; 
one of the synchronization patterns according to 
starting point of a sector on a recording disc; and 
the selected synchronization pattern to said 



modulation apparatus of claim 36, wherein each of 
erns comprises a bit sequence "000. 000. 000," 



modulation apparatus of claim 23, 24, 25, 26, 27 or 28, 



a first group of synchronization patterns of even- 
group of synchronization patterns of odd-number 



g one of the synchronization patterns of even- 
J irst group and one of the synchronization patterns 
said second group according to the amount of 
of a sector on a recording disc; 
g one of the selected synchronization patterns of 
number of l's so that the chosen synchronization 
sum value approaching zero; and 



odd 



distal 
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means for ii 
bit stream. 



-38. 



inserting the chosen synchronization pattern to said channel 



39. The data nhodulation apparatus of claim 38, wherein each of 
said synchronization patterns comprises a bit sequence "000. 000, 000/' 



bit 



40. The data 
further comprising: 

replacement 
detecting a bit sequence 
replacing the detected 

a memory for mabping 
words; and 

conversion circuit{ry 
replacement circuitry 
stream to a data word 
said memory. 



ani 



1 41. The data 

2 substitute bit sequence is 



1 42. The data 

2 substitute bit sequence is 



njiodulation apparatus of claim 23, 24, 25, 26, 27 or 28, 

ciroiitry for receiving said channel bit stream and 
"000. 000" in the received channel bit stream, and 
sequence with a substitute bit sequence "010. 000"; 
a plurality of code words to a plurality of data 



for receiving the channel bit stream from said 
converting each code word of the channel bit 
corresponding to one of the mapped data words of 



modulation apparatus of claim 40, wherein said 
010. 000". 



modulation apparatus of claim 40, wherein said 
"000. 010". 



43. The data m adulation apparatus of claim 40, wherein said 
replacement circuit further detects a bit sequence "000. 000. 000" and 

sequence with a bit sequence "010. 101. 010" 



replacing the detected bit 



44. The data 
memory maps a plurality 
words and maps a pltir, 
words. 



modulation apparatus of claim 40, wherein said 
of 3-bit code words to a plurality of 2-bit data 
aljty of 6-bit code words to a plurality of 4-bit data 



